Aims: To investigate the association of chronic kidney disease (CKD) and intracranial artery stenosis (ICAS), as well as its effects on ICAS distribution in the middle-aged and elderly population.
Introduction
Intracranial artery stenosis (ICAS) account for nearly 30%-50% of ischemic stroke cases. Subjects with ICAS have higher stroke risk and recurrence rate 1, 2) . To identify the potential causes of ICAS is of paramount importance in stroke prevention. At the same time, to distinguish the risk factors particularly related to certain vascular distribution will provide a better understanding of relevant pathophysiological mechanisms, as well as prognosis evaluation. representativeness in demographic characteristics.
A predefined standardized questionnaire was administered by experienced researchers to obtain relevant information on demographic characteristics and cardiovascular risk factors. In addition to the standard questionnaire, subjects over 35 years old were also required to complete the blood and urine biochemical testing, as well as cerebral vascular evaluation by carotid ultrasound and transcranial doppler (TCD) as secondary analysis for atherosclerosis. To ensure the quality of the survey, all of the investigators received standard training before participation, including the TCD operators. All physical examination and the laboratory testing were conducted as the protocol required.
As a result, a total of 6906 subjects over 35 years old were recruited in the CHS in the Beijing site. Of which, 3953 subjects completed the TCD vascular evaluation. After excluding those without creatinine tests, or subjects with transient kidney dysfunction caused by dehydration or use of nephrotoxic drugs (275 subjects in total), 3678 subjects were finally included in this analysis, which includes 1583 males and 2095 females (Fig. 1) . The baseline characteristics of the subjects included and excluded are shown in Supplemental Table 1 .
The protocol of the study design was approved by the Ethics Committee of Xuanwu Hospital of the Capital Medical University and Fuwai Hospital (National Center for Cardiovascular Disease). Written informed consent was obtained from all participants before enrollment.
Data Collection and Risk Factor Definition
Baseline characteristics, including demographics and cardiovascular risk factors, were collected by the investigators (trained neurologists or graduates) through face-to-face interview and recorded in a predefined questionnaire. Hypertension was defined as systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg, or have been on antihypertensive medication. Diabetes mellitus was diagnosed in those who have a previous history of diabetes or on insulin or oral hypoglycemic medication; subjects with fasting glucose levels of over 7 mmol/L were also counted. Hyperlipidemia was diagnosed according to the adult treatment panel III guidelines 16) (Total cholesterol ≥ 6.1 mmol/L or Triglyceride [TG] ≥ 2.26 mmol/L) or who have been on lipid-lowering medications. Atrial fibrillation, coronary heart disease, and previous stroke history were identified according to the self-report history, and participants were also diagnosed as atrial fibrillation if the ECG indicated positive findings in this survey. Previous stroke events were it is atherosclerosis that contributes to stroke in subjects with CKD. However, evidence regarding CKD and cerebral atherosclerosis is limited. Some studies established the association of CKD and carotid atherosclerosis by retrospective analysis and their results revealed that subjects with CKD usually have much more severe atherosclerosis burden, which could be seen in both the stroke and non-stroke population 10) . There was also a study indicated that subjects with CKD are more likely to suffer from asymptomatic ICAS, but this association is limited to subjects over 60 years old 11) .
Despite the population-based study results, the debate of CKD and ICAS persists regarding their relationship. Some scholars believed that CKD and ICAS share some risk factors; thus, this association could be the result of common risk factors. While others against that CKD is an independent risk factor of ICAS. The purpose of this study was to investigate the association of CKD and ICAS, considering the selectivity of the risk factors on ICAS distribution 12, 13) , we would focus on the association of CKD and ICAS distribution. A thorough investigation of the association between CKD and ICAS will facilitate the understanding of stroke mechanism and identification of a high-risk population, as well as help us develop a better preventive strategy.
Methods

Study Design and Subjects
Data were derived from the Beijing subgroup of the "China Hypertension Survey" (CHS), supported by the Ministry of Science and Technology of the People's Republic of China. The study design had been published elsewhere 14) , and the main findings were also reported 15) . Briefly, a stratified multistage multicentered national cross-sectional survey was conducted during 2012-2015 to investigate the prevalence of hypertension in subjects over 15 years old from 31 provinces in China. Beijing, as one of the most important part, was included.
For this sub-survey, the sampling process in Beijing was briefly summarized here: First, 3 cities in the urban area (Xicheng, Fangshan, and Tongzhou) and 1 county from the rural area (Yanqing) were selected using the probability proportional to size method; Second, 2-3 districts or 2 townships were selected within each urban area or county respectively by the simple random sampling (SRS) method. Then, using the same method above, 3 communities or villages were chosen within each district(urban) or township (rural) individually. Lastly, the SRS method was used again in the final selection of participates to ensure the by the standard protocol and each vessel in the intracranial artery was detected, including bilateral anterior cerebral artery (ACA), middle cerebral artery (MCA), posterior cerebral artery (PCA), terminal of internal carotid artery (ICA), vertebral artery (VA), and basilar artery (BA). The diagnosis of ICAS is referred to Wong's criteria based on peak systolic flow velocity (Vp) 19) . The cut-off value of Vp for ICAS diagnosis was 140 cm/s in MCA, 120 cm/s in ACA and the internal carotid siphon, and 100 cm/s in PCA and the vertebral-basilar artery. Additional criteria of stenosis in MCA were: Vp ranging from 140 to 160 cm/s, together with disturbance in echo frequency and turbulence, or Vp reduction by ≥ 30% compared with the contralateral depth-corresponding homologous segment. Apart from the velocity criteria, the subjects' age was also considered. In the absence of good temporal windows, intracranial blood flow signals were detected via the orbital window. Any cerebral arteries that could not be detected via both temporal and orbital windows were considered non-stenotic. As a result, a total of 310 subjects (8.4%) were considered as non-stenotic due to the failed detection of blood flow by both temporal and orbital windows. The ICAS distribution was classified as anterior circulation and posterior circulation according to anatomy. The operators and reviewers of the TCD studies were blind to the clinical information.
Statistical Analysis
Variables distribution according to eGFR levels and between different groups were presented as numbers (percentages) for categorical variables and mean judged by the neurologist or the physician from medical history and neuroimaging (CT or MRI) according to the AHA criteria. Smoking and drinking habits were recorded in self-report history. Smoking was confirmed for those who have been smoking for over 1-year period and those who are current smokers; Drinking was confirmed for those with moderate or heavy alcohol consumption (≥ 2 standardized alcohol drinks per day). All of the laboratory measurements were completed in Fuwai Hospital, National Center for Cardiovascular Disease according to predefined protocols to ensure the accuracy and controllability of the results.
CKD Assessment
Baseline serum creatinine level was tested to calculate the estimated glomerular filtration rate (eGFR) using the Jaffe method. In this study, eGFR was acquired by the CKD epidemiology collaboration creatinine equation with an adjusted coefficient of 1.1 for the Asian population 17) . Subjects were divided into four groups according to eGFR level: eGFR 45, 45-59, 60-89, and ≥ 90 ml/min/1.73 m 2 18) . Participants with CKD were defined as those with eGFR 60 ml/min/1.73 m 2 in this study. In order to increase the reliability of the renal function assessment, we also measured urinary microalbumin levels as reference.
Assessment of ICAS
TCD was performed by two independent vascular ultrasound practitioners with more than 5 years' experience using portable machines (TC 8080, EME, Germany). All procedures were carried out as required Table 1 . Subjects with different eGFR levels differ in age, gender, and cardiovascular risk factors. Compared with other groups, subjects with low eGFR were much older, more likely to be female, had a higher percentage of hypertension, diabetes, atrial filtration, coronary heart disease, and had previous stroke history (all p 0.01). As for biochemical results, glucose, lowdensity lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and TG also differ among different groups (p 0.01). Correspondingly, the level of urinary microalbumin and serum creatinine were increasing along with the decline of eGFR. The mean systolic pressure was increasing and diastolic pressure decreasing with the deterioration of renal function (both p 0.01). In addition, we can standard deviation or median (interquartile range) for continuous variables. Chi-square test or t-test was used to compare variables between groups. Univariate and multivariate logistic regression analyses were performed to calculate the odds ratio (OR) and corresponding 95% confidence interval (95%CI). All of the statistics were two-sided and p 0.05 was considered statistically significant in this analysis. All data analysis was conducted by SPSS 19.0.
Result
Basic Characteristics of Subjects Included According to eGFR Level
Of the included 3678 subjects, the mean age was 62 years old (range from 35 to 94 years old), and 57% were female. The overall prevalence of CKD (eGFR 60 ml/min/1.73 m 2 ) was 19.2% (95%CI, 17.9%-20.4%). Hypertension and hyperlipidemia were the As for the risk factors affecting ICAS distribution, subjects with posterior circulation vascular stenosis were older, had higher proportion of coronary heart disease, previous stroke history, and declined eGFR (p 0.05); other risk factors seemed to have no significant distinctions between different vascular stenosis also see the increasing prevalence of ICAS with the decrement of eGFR (p 0.01).
ICAS Distribution and Associated Risk Factors
A total of 641 subjects (17.4%) suffered from ICAS in this population. Of all the intracranial vessels tested, the terminal of ICA and MCA were mostly involved, with a total prevalence of 9.5% (350 subjects), followed by ACA (9.3%, 343), VA (5.4%, 199), and PCA (1.8%, 65). BA (1.7%, 64) was the least affected. The incidence of ICAS in the anterior circulation was significantly higher than that in the posterior circulation (10.9% vs. 3.1%). Table 2 generalizes the demographic characteristics and risk factors comparison between subjects with or without ICAS, as well as in different ICAS distribu- (1) Both CKD and ICAS are prevalent in the middleaged and elderly population; (2) Subjects with severe eGFR decline (eGFR 45 ml/min/1.73 m 2 ) were independently associated with ICAS, even after adjusted for confounders; (3) Most importantly, we found that CKD, as a risk factor of ICAS, had a preference for posterior circulation vascular distribution; (4) Despite the higher proportion of atrial fibrillation in the elderly population with CKD, stroke mechanism should be explained with caution. These results could add some knowledge to the association of CKD and ICAS, and provide solid data about the contribution of CKD in cerebrovascular disease.
Association between CKD and Atherosclerosis
Previous epidemiological studies have already recognized CKD as a risk factor of cardiovascular disease and ischemic stroke [20] [21] [22] . CKD could significantly increase stroke risk and have an effect on stroke prognosis, especially in large artery atherosclerosis stroke 23) . As we know, the association of CKD and carotid atherosclerosis had been verified in previous studies with ischemic stroke 10, 24, 25) . Subjects with CKD usually have a much severe luminal stenosis and higher percentages of vulnerable plaques in the carotid artery. Both of these could result in ischemic stroke. As for its association with ICAS, Li Z reported the association of CKD and asymptomatic ICAS in Kailuan Study-a community-based non-stroke population in 2016, and found that declined eGFR is associated with distribution groups. Table 3 shows the association of CKD and ICAS in different eGFR levels by univariate and multivariate regression analyses. When the group of eGFR ≥ 60 ml/min/1.73 m 2 was taken as a reference group, moderate eGFR decrease (45 ≤ eGFR 60 )was not associated with ICAS in univariate analysis, OR 1.24, 95%CI (0.99, 1.55), nor in multivariate regression analysis, OR 0.88, 95%CI (0.69, 1.14); However, subjects with a severe decrease in eGFR (eGFR 45) were independently associated with ICAS even after correction for age, gender, and related atherosclerosis risk factors in multivariate analysis, OR 1.69, 95%CI (1.08, 2.65).
Association of CKD and ICAS, ICAS Distribution by Logistic Regression Analysis
As a further analysis of CKD and ICAS distribution, we found that a severe decrease in eGFR (eGFR 45 ml/min/1.73 m 2 ) was associated with posterior circulation but not anterior circulation vessel stenosis. The OR was 5.90, 95%CI (3.54, 9.85) and 2.29, 95%CI (1.28, 4.07) before and after adjusted covariables, respectively ( Table 4 ).
Discussion
This study investigated the association of CKD and ICAS as well as its distribution in the middle-aged and elderly population. The results demonstrated that: hyperlipidemia 13) . While another study indicated that metabolic syndrome is associated with posterior circulation ICAS 30) , there were also studies suggesting that hypertension and diabetes are more related to posterior circulation vessel stenosis 31) . However, the results are not conclusive due to the heterogeneous subjects and potential risk factors included. In this study, the prevalence of hypertension and diabetes had no significant difference between anterior and posterior circulation in univariate analysis, while in multivariate analysis, CKD was an independent risk factor of posterior circulation vessel stenosis after correction of all covariates. Thus, there must be some undetermined mechanism that needs to be clarified in the future to explain this association. Considering the anatomy difference, we assumed that some hemodynamic factors could possibly play a role in this pathophysiological process.
Possible Mechanisms of CKD in the Contribution of Cerebrovascular Disease
The mechanism of CKD in contributing to cardiovascular disease is seldom explored. It has been known that subjects with CKD are usually accompanied with vascular calcification, which results in decreased arterial compliance and present as widening pulse pressure 32) . This phenomenon could also be verified in our study. A similar study also demonstrated that the decreased vascular reserve capacity and cerebral autoregulation could be the interconnection between CKD and stroke 33, 34) , subjects with CKD usually have increased arterial stiffness 35) , and consequently decreased cerebrovascular reactivity. Integrating with the evidence at present, the contribution of CKD in ischemic stroke could be assumed that CKD could promote atherosclerosis vessel stenosis, decrease vascular reactivity, and further reduce vascular reserve in case of ischemia. All of these could contribute to the cerebrovascular events.
In addition to ICAS, subjects with CKD usually have a higher percentage of atrial fibrillation 36) and correspondingly , a higher risk of embolism. We can also see the increasing trend of atrial fibrillation with the decrease of eGFR in our study; however, we did not find any difference of atrial fibrillation in the ICAS and non-ICAS group, which also suggested that atrial fibrillation could not be a confounding factor between CKD and ICAS.
Strengths and Limitations
The strength of this study is (1) the large sample size and randomly sampled population; (2) the association of CKD and ICAS were comprehensively clarified in this study, including its association with ICAS asymptomatic ICAS in this population 11) . This is quite consistent with our results. However, compared with their results, several innovations could be identified in our study. First, our study focused on the middle-aged and elderly populations, which were sampled by demographics. Some bias could be avoided in this process. Second, the ICAS distribution was also presented in our study, and the association of CKD and ICAS distribution was analyzed; this would definitely provide much more meaningful information to explain clinical correlation and explore the possible pathophysiological mechanism.
In fact, the association between CKD and ICAS has not been conclusive so far. Some scholars prefer to contribute this association to their common risk factors. There is no doubt that both CKD and ICAS share some traditional risk factors to some degree 26, 27) , including age, hypertension, and diabetes. CKD could be a complication of these diseases; conversely, kidney dysfunction could also result in hypertension, and they are connected in some way. However, in our multivariable regression analysis, CKD was independently associated with ICAS after adjustment for these variables. Meta-analysis about CKD and cardiovascular disease also exemplified that CKD is a risk factor for CVD mortality independent of diabetes and hypertension 28, 29) . From the results above, we can conclude that despite the fact that older age, hypertension, and diabetes could be common in both the CKD and ICAS population, their contribution in the association between CKD and ICAS need to be explained with caution. A prospective cohort study about CKD and ICAS need to be conducted in the future to settle the argument.
CKD and ICAS Distribution
Of all the results presented above, what needs to be outlined is that we found CKD was more related to posterior circulation vascular stenosis in this population. To our knowledge, this is the first study about the association of CKD and ICAS distribution. For one thing, its preference for posterior circulation ICAS could possibly provide some evidence for the worse prognosis in stroke patients with CKD. For another, the selectivity of CKD on posterior circulation vessels might also suggest certain pathophysiological mechanisms different from anterior circulation.
Previous studies concerning risk factor and ICAS distribution were quite inconsistent. Some researchers proposed that the distribution of ICAS location differs among different risk factor groups by summarizing the data from the Warfarin-Aspirin Symptomatic Intracranial Disease study. They found that subjects with BA stenosis are older and much more likely to have
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There are several limitations to this study. First, the cause and consequence relationship could not be deduced from this cross-sectional design, and more prospective cohort studies need to be carried out in the future. Second, all of the ICAS assessments were based on TCD instead of more direct vessel imaging (CTA or MRA), and we defined those acoustic window failures as non-stenotic in this study, which could underestimate the detection of ICAS. Furthermore, failure to identify the causes of ICAS is another limitation of TCD. Some non-atherosclerotic intracranial artery disease could not be identified in this population. However, in view of the sensitivity and specificity of TCD in evaluating ICAS, the lower possibility of non-atherosclerotic ICAS in the elderly population, as well as the health economics considerations, TCD is undoubtedly the most convenient and appropriate method in this large population. Third, compared with anterior circulation ICAS, the relatively few subjects with posterior circulation stenosis could also have some effects on regression analysis, but the limited number of variables adjusted and narrow confidence interval validate the credibility of the results.
Conclusion
In summary, despite the limitations above, we can draw the conclusion that severe eGFR decline (eGFR 45 ml/min/1.73 m 2 ) is associated with ICAS in the middle-aged and elderly populations, and this correlation has a preference for posterior circulation vessels. This study could provide some evidence to explain the pathophysiological mechanism between CKD and stroke, and at the same time, bring about more questions about stroke prevention in this population.
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